Background: Apolipoprotein E gene (APOE) polymorphism is an important determinant for the development of various cardiovascular and neurodegenerative disorders. There have been conflicting reports of association of APOE polymorphism with dementia in Parkinson disease (PD).
D
EMENTIA OCCURS IN 30% of patients with Parkinson disease (PD). The prototypic form of PD with dementia (PDD) is often termed "subcortical dementia" or "executive dementia," with dysfunction in frontal subcortical circuits, especially in dorsolateral prefrontal networks. 1 Dementia also occurs with superimposed pathologic features of Alzheimer disease (AD), with early and progressive memory impairment accompanied by the disorder of other cortical functions that contrast with prominent impairment of executive functions associated with slowing of thought processes of PDD. In addition, patients with PD can develop vascular dementia from bilateral subcortical or cortical strokes. Neuropsychological testing and neuroimaging can be used to exclude clinical AD or vascular dementia and to identify PDD. Apolipoprotein E (Apo E) is a major protein constituent of lipoproteins in the central nervous system, and is responsible for lipid metabolism and participates in the transport of cholesterol. The human apolipoprotein gene (APOE), on chromosome 19q13.2, is polymorphic with 3 common alleles: ε2, ε3, and ε4.
2 APOE polymorphism is an important determinant for the development of various neurodegenerative and cardiovascular disorders. The APOE ε4 allele is a risk factor for sporadic and familial late-onset AD, and a high prevalence of the APOE ε4 allele has also been found in vascular dementia and dementia with Lewy bodies (DLB). [3] [4] [5] The APOE-ε4 allele is associated with higher plasma levels of total cholesterol and lowdensity lipoprotein cholesterol, which are considered risk factors for the development of atherosclerosis. It is probable that APOE gene polymorphisms influence the development of dementia directly through neurodegenerative processes and by promoting atherogenesis. Little is known about the genetic or biochemical risk factors for PDD. Studies investigating the relationship between plasma lipid and lipoprotein concentrations, and cognitive impairment relative to APOE gene polymorphisms have produced conflicting findings. [6] [7] [8] [9] [10] Similarly, the role of APOE in PDD has been investigated in several studies, but results have been inconsistent. [11] [12] [13] [14] [15] [16] [17] To examine the association between APOE polymorphisms and PDD as a specific clinical entity, we used clinical, neuropsychological, and neuroimaging criteria to exclude AD, DLB, and vascular dementia. With this method, we defined 2 prototypic patient cohorts: those with PDD and those with PD without dementia. We compared these groups relative to APOE genotypes and alleles, especially the frequency of the APOE ε4 allele. Further, we studied plasma cholesterol concentrations to examine relationships with PDD.
METHODS

SUBJECT POOL
Consecutive patients with PD were recruited from both inpatient and outpatient movement disorders services (Department of Neurology, Ageing, Degenerative and Cerebrovascular Diseases, Medical University of Silesia, Katowice, Poland) during the 4 years from April 1999 to December 2002. The study was approved by the local ethics committee. Signed informed consent was obtained for all patients. The clinical diagnosis of idiopathic PD was based on criteria from the UK Parkinson's Disease Society Brain Bank. If cognitive problems preceded or began within the first year of the presence of signs of parkinsonism, cases were excluded as likely being DLB or AD. The 1996 Consensus Guidelines for DLB and National Institute of Neurological and Communicative Diseases and Stroke-Alzheimer's Disease and Related Disorders Association (NINCDS-ADRDA) criteria were operational during this study. We did not recruit subjects with medical conditions known to be associated with secondary hyperlipidemia and dementia, specifically, significant thyroid, liver, or renal diseases. We did not recruit subjects with dementia treated with drugs that could have caused or exacerbated cognitive impairment, specifically, anticholinergic agents, tricyclic antidepressant drugs, or benzodiazepines. 
INCLUSION AND EXCLUSION CRITERIA AND GROUP ASSIGNMENT
MAIN OUTCOME MEASURES
The primary outcome measures were the distribution of APOE polymorphisms and allelic frequencies, and total plasma cholesterol concentrations, as well as by comparison of the PDD and PD without dementia groups for APOE genotypes and allelic frequencies, and plasma cholesterol concentration. Differences between groups were compared with the t test, 2 analysis, and the Mann-Whitney test. Secondary analyses tested relationships between severity of dementia and both APOE gene polymorphisms and cholesterol levels as well as relationships between the total plasma cholesterol level and APOE gene polymorphisms, using multiple stepwise regression analysis, the Spearman rank correlation coefficient, 1-way analysis of variance , and the Kruskal-Wallis test with post hoc test. Two multiple stepwise regression analyses were performed, one with the MMSE score as the dependent variable and APOE genotypes and alleles (in separate models), cholesterol level, Montgomery Asberg Depression Rating Scale, current age, and duration of PD as independent variables, and the other with cholesterol level as the dependent variable and APOE genotypes and alleles (in separate models), sex, current age, and duration of PD as independent variables. Significance was set at PϽ.05. Statistica software (version 5.1, StatSoft Inc, Tulsa, Okla) was used for the analyses.
RESULTS
Three hundred ninety patients with PD were screened, and 350 met diagnostic criteria for PD (Figure) . Of the 40 excluded subjects, 12 had symptoms suggestive of DLB and 28 had clinical signs of atypical parkinsonism syndrome. All patients with PD were white and of Eastern European descent, and none had a positive family history of parkinsonism. Of 350 patients with PD, 109 met criteria for dementia and 210 had no dementia; the re-(REPRINTED) ARCH NEUROL / VOL 64, FEB 2007 WWW.ARCHNEUROL.COM 262 maining 31 patients met some but not all required criteria for dementia and were not further studied. In the 109 patients with dementia, CT was performed in 79, and MRI in 30. Two patients were excluded because of vascular lesions revealed at CT or MRI, and 9 additional patients were excluded because results of neuropsychological testing suggested the presence of AD. The final 98 patients in the PDD group underwent genetic and cholesterol testing. To achieve a similar sample size of patients without dementia, the first 105 consecutive control patients with PD underwent CT (n = 80) or MRI (n=25). Five patients were excluded because of abnormal findings at CT or MRI, leaving 100 patients who underwent genetic and cholesterol testing. Patients with PDD were older and had later onset of PD and more severe motor impairment compared with control patients without dementia, but sex, disease duration, levodopa dosage, and depression ratings were similar in the 2 groups (Table) .
Frequency of APOE alleles did not differ between the groups with PDD and PD without dementia (P =.84): ε2, 8.2% vs 8.5%; ε3, 75.0% vs 72.5%; and ε4, 16.8% vs19.0%. Frequency of APOE genotypes likewise did not differ between the 2 groups (P =.83): ε2/ε2, 1.0% vs 1.0%; ε2/ε3, 11.2% vs 8.0%; ε3/ε3, 57.1% vs 56.0%; ε4/ε2, 3.1% vs 7.0%; ε4/ε3, 24.5% vs 25.0%; and ε4/ε4, 3.1% vs 3.0%. Genotypes including APOE ε4 alleles were represented in 31% of patients with PDD and 35% of patients without dementia (P =.51). Most patients in both groups carried the APOE ε3 allele; the APOE ε2 allele was rarely represented.
There was no relation between APOE polymorphisms and MMSE score, and although MMSE scores were negatively associated with the APOE ε4 allele (␤=−.01; P =.84) and positively associated with the APOE ε2 allele (␤=.01; P =.83), neither was statistically significant.
Patients in the PD without dementia group were significantly younger than those in the PDD group; however, the relation between MMSE and age in the PD without dementia group had no statistical significance (Spearman rank correlation coefficient, P = .37). At regression analysis, with MMSE as the dependent variable and age as the independent variable, the regression coefficient had negative value (−0.02), with no statistical significance (P =.26).
No significant differences were found in total plasma cholesterol levels between the PDD group and the PD without dementia group, both in general and with reference to APOE genotypes (P=.52). Further, although MMSE scores and cholesterol levels were positively associated, the relationship was not significant (␤=.02; P=.70).
APOE polymorphisms correlated with total plasma cholesterol levels (1-way analysis of variance and KruskalWallis test). Cholesterol levels in patients with PD with ε4/ε4 or ε4/ε3 genotypes were higher than in patients with PD with the ε3/ε3 genotype (PϽ.001). In contrast, cholesterol levels in patients with the ε3/ε2 genotype were significantly lower than in patients with the ε3/ε3 genotype (PϽ.001). Cholesterol levels in the ε4 allele carriers were higher than in the ε3 allele carriers (PϽ.001). In contrast, cholesterol levels in the ε2 allele carriers were significantly lower than in the ε3 allele carriers (F=15.80; PϽ.001). Total plasma cholesterol levels were related to both APOE genotypes (r=0.53; PϽ.001) and APOE alleles (r =0.48; PϽ.001).
COMMENT
In addressing the controversial area of PDD and linkage to APOE gene polymorphisms, we focused our clinical selection criteria specifically to include patients with the prescribed subcortical or executive dementia typical of PD-related cognitive deficits. We used neuropsychological tests and neuroimaging measurements to exclude subjects with cortically based signs or neuroimaging evidence of diffuse cortical atrophy or vascular disease. With this stringency, we excluded 11 patients with dementia from our study cohort so that we could focus specifically on identifying genetic associations with prototypic PDD. Whether PDD and DLB are distinct conditions or types of the same entity is not known, but to maximize the purity of our clinical sample, we additionally excluded patients in whom symptoms of dementia preceded or began within the first year of signs of parkinsonism. We considered this exclusion especially important because there are reports of a high representation of the APOE ε4 allele in patients with DLB. The distribution of APOE alleles and genotypes was similar to findings in another study of the Polish population and to populationbased studies of white people. 18, 19 Our observations of no association between APOE polymorphisms or allelic frequencies and PDD are supported by other studies, including one meta-analysis 11, 12 and one recent study in autopsy-confirmed PD. 13 Like our findings, these studies found no differences between patients with PD with or without dementia insofar as APOE alleles and APOE genotypes. In addition, we found no association between genetic polymorphisms and MMSE score, a finding simi- lar to that in another study that observed no relationship between APOE genotypes and Dementia Rating Scale scores. 11 Other authors have reported a significantly higher frequency of the APOE ε4 allele in patients with PDD, showing a similar allelic distribution as in patients with AD. [14] [15] [16] These studies, however, did not specifically exclude patients with PD with neuropsychological signs suggestive of cortically based dementia or those with evidence of vascular dementia. Likewise, findings of a recent meta-analysis suggest that the APOE ε4 allele could be associated with PDD, but that may be confounded by marked heterogenity of source data. 17 Our careful selection criteria were designed to eliminate such diagnostic confounds.
Our findings of a significant association between APOE polymorphisms and total plasma cholesterol level in patients with PD are similar to reports for the general population 10, 20, 21 and contrast with findings reported for the patients with AD. 10 Further, there was no distinction in cholesterol levels between patients with PDD and those with PD without dementia. These analyses amplify the distinctions in genetic profiles, plasma cholesterol level, and neurocognitive patterns between patients with PDD and those with AD, suggesting that cholesterol is not pathophysiologically linked to PDD.
Although we attempted to define our patients with PDD with strict criteria, we acknowledge that we do not have pathologic confirmation to exclude AD, DLB, or vascular lesions. Long-term follow-up in these patients and efforts to recruit autopsy consent are ongoing. Because no single consensus statement has been developed for defining PDD, our enrollment criteria may need to be altered for future studies. We recognize that the MMSE is a relatively crude measure and classifier of the presence or absence of dementia in PD. Other limitations include technical issues and the timing of our evaluations. Previous studies have documented that plasma cholesterol levels decrease before the onset of AD, and our assays were obtained after PDD was diagnosed. We acknowledge that an association between premorbid cholesterol levels and the eventual diagnosis of PDD could not be detected using our study design. A prospective study of patients with PD followed up longitudinally with repeated lipid studies would better clarify potential relationships between PDD and cholesterol levels or related plasma constituents. 
